Introduction
Lung cancer remains the leading cause of cancer-related death [1] . The majority of patients with lung cancer has a non-small cell carcinoma (NSCLC) and present with locally advanced (Stage III) or metastatic disease (Stage IV) [2] . Most of these patients receive chemotherapy, since first-line platinum-based combinations improve survival, palliate symptoms, and ameliorate quality of life [3] [4] [5] [6] . Unfortunately, there is no consensus on which drug combination or treatment schedule should be recommend in every day practice [7] . Randomised trials seem to support the use of a two-drug combination, containing at least one new agent, such as vinorelbine, gemcitabine, or the taxanes [8] .
Paclitaxel is indicated as a first-line treatment in patients with NSCLC in combination with cisplatin [9] . An important clinical question regarding the taxanes is the issue of the optimal schedule. A preliminary analysis of weekly administration schedules suggest that this approach yields equivalent efficacy results, maintains dose intensity, and is associated with less toxicity [10] . Given these considerations, we decided to start a phase II study of the combination of paclitaxel and cisplatin, given on a weekly basis, in chemo-naïve patients with inoperable or recurrent NSCLC.
Patients and methods

Eligibility
Patients were eligible for this study if they had a cytologically or pathologically documented non small-cell lung cancer [11] . Mixed tumours were acceptable if only non-small cell components were identified. A 70 year age limit was established. Patients relapsing after complete tumour resection or patients incompletely resected were also eligible. Patients should have either a measurable or an assessable disease. An Eastern Cooperative Oncology Group (ECOG) performance status [12] of 2 or less was required. Laboratory values at the study entry included leukocyte count higher than 4,000/mm 3 , platelet count higher than 100,000/mm 3 , and creatinine and bilirubin blood levels less than 1 and 1/2 times the upper range of normal. The signing of a formal informed consent form, approved by the ALCASE Italia ethical committee, was required.
Patients ineligible were those with a history of second or a third cancer (unless surgically removed and in apparently complete remission). Background. This phase II study was designed to assess the activity and toxicity of administration of the cisplatin/paclitaxel combination in advanced non-small cell lung cancer (NSCLC).
Methods. Eligibility criteria included: age up to 70 years, pathological diagnosis of NSCLC, inoperable disease or post-operative tumour recurrence, performance status </=2, no severe co-morbidity, no previous chemotherapy, and informed consent. Treatment consisted of intravenous infusion of cisplatin, 25 mg/m 2 , and paclitaxel, 80 mg/m 2 , every week. Chemotherapy was continued until completion of a 22-week treatment plan, disease progression, persistent toxicity, or patient refusal.
Results. Forty-nine patients entered the study. They received a median of 14 cycles (range 0-22). For both drugs, the median dose-intensity was 75% of projected. Toxicity was generally acceptable, and never life threatening. Alopecia was the most common side effect, followed by anemia, leukopenia, and nausea/vomiting. Other criteria of ineligibility included mental instability or impairment, pre-existing moderate/severe peripheral neuropathy, previous chemotherapy (including neo-adjuvant or adjuvant chemotherapies).
The study committee for human investigations of the non-profit organisation ALCASE Italia (a unique lung cancer patients' advocacy group in Italy, www.alcase.it) approved the protocol.
Treatment
Paclitaxel was given weekly at a dose of 80 mg/m 2 for a maximum of 22 weeks of treatment. Paclitaxel was diluted with 100 mL normal saline and infused intravenously over 60 minutes, followed by 250 mL normal saline. Cisplatin was administered at a dose of 25 mg/m 2 , after the paclitaxel infusion, using a standard protocol of premedication and hydration [13] . Premedication consisted of ondansetron 8-16 mg in 100 mL normal saline, 12 mg dexamethasone, 10 mg clorphenamine, and 50 mg ranitidine given by slow intravenous infusion 30 min prior to the administration of paclitaxel. Paclitaxel/cisplatin dose adjustments were based on the results of blood counts, hepatic/renal function tests, and the clinical assessment of toxicity, made on the day of treatment. Reductions of 25%, 50% and 75% of the planned dose were applied for a toxicity grade ranging 0-2 [14] . For higher levels of toxicity, the treatment was withheld and the patient reconsidered 1-week later.
All patients received full supportive care, including blood product transfusions, haematopoietic growth factors, antibiotics, antiemetics, laxatives, and analgesics as appropriate. Palliative irradiation to painful bone metastases, or brain secondary masses was permitted at any time, and could be concurrent to chemotherapy. Areas treated with radiotherapy were not assessed for tumour response.
Chemotherapy was discontinued on disease progression, patient refusal, or severe toxicity persisting for more than 2 consecutive weeks. Otherwise, it was continued for a maximum of 22 weekly courses.
Staging and Follow-up
At the study entry, each patient was required to have a baseline clinical work-up, which included medical history, physical examination, blood counts and serum biochemistry, chest x-rays, computed tomography (CT) of the thorax, abdomen and brain, bronchoscopy with cell and tissue biopsies. In addition, all patients were assayed for their plasmatic levels of Carcinoembryonic Antigen (CEA) and Cytokeratin 19 Fragments (Cyfra 21-1) [15] . Additional imaging tests were not mandatory, but requested as clinically indicated. Based on the results of such a re-evaluation, a clinical stage of disease was obtained [16] .
During treatment, patients underwent three types of follow-up examinations. The first was a weekly pre-treatment toxicity assessment and consisted of a patient interview -made by the oncology nurse -, haematological counts, and serum biochemistry. Every three weeks, a preliminary reevaluation of the tumour status was made by a physician, on the basis of medical history, physical examination, body weight and ECOG performance status assessment, the standard chest radiogramme and the plasmatic measurement of CEA and Cyfra 21-1. Finally, a complete re-staging evaluation was made at the 12 th week of treatment and repeated during the 21 st week. Re-staging consisted at least of the same diagnostic procedures used during the baseline pretreatment evaluation except for rebronchoscopy, which was optional.
Toxicity and Response evaluation
The patients' responses were evaluated by CT scan comparisons and, thus, only at the time of the two protocol-planned restaging evaluations. This choice increased the quality of the objective response assessment, but had the negative effect of reducing the number of observations (to be assessable, patients had to be followed-up until at least the 12 th week of treatment).
Toxicity was graded, every week prior to the administration of the cytotoxic drugs, using standard criteria [14] . In addition, we decided to take note of any clinically significant reduction in tumour volume even when it did not fulfill the criteria of partial response. Besides the response categories of complete remission (CR), partial remission (PR), stable disease (SD) and progressive disease (PD) as they are conventionally defined [14] , an intermediate category called "Minor Regression" was interposed between PR and SD. Minor regression (MR) was defined as tumour shrinkage comprised between 25% and 49% of the pre-treatment size (as measured by the sum of the products of the longest perpendicular diameters of all measurable lesions). In non-measurable assessable lesions, analogous percent changes were used to classify a response as MR. Given our follow-up schedule, tumour responses were considered confirmed by a second evaluation made 3 weeks apart.
Study flow and statistical analysis
The study was a phase II clinical trial with the following end-points: treatment dose intensity, treatment toxicity, objective response rate, time to treatment failure, and survival. In all, 49 eligible patients were registered on trial, between December 2001 and October 2003. Two patients withdrew their consent before starting the planned treatment, 9 other patients incurred early severe toxicity or had rapid clinical deterioration. Thus, 11 patients were not treated or were inadequately treated having received less than 4 weeks of chemotherapy. These eleven patients could not be evaluated for response at the re-staging evaluation time. In addition, another patient of the 49 enrolled was lost to follow-up before their 1 st re-staging evaluation. Therefore, we had a total of 47 patients assessable for toxicity, and only 37 for response.
Survival and time to treatment failure were recorded from the day of registration. End-points for survival times were death or the last follow-up contact for patients alive at the closure of the study. Endpoints for treatment failure were the day of the 1 st clinical documentation of PD or the day of the death; for patients alive at the closure of the study and for whom PD was not documented, the end-point for treatment failure was the day of the last follow-up visit.
Kaplan-Meier curves were used to display data [17] . To control for the effect of potential confounders, a multivariate analysis, based on Cox's proportional hazards regression model [18] , was performed. For each variable included in the model the proportional hazard assumption was tested graphically.
All statistical comparisons were two-tailed.
Results
Characteristics of the study cohort
During the approximate two years of accrual we observed 49 eligible patients, who were registered on study and included in this report.
The clinical characteristics of the 49 patients are depicted in table 1. Characteristics are summarised according to the main end-points of clinical interest (i.e., at study registration and at the closure of the study). Patients were more often males (76% of the cohort) and in good performance status (73% of the cohort had ECOG performance of 0 to 1). Tumour markers were only slightly elevated, on average, confirming the overall fairly good prognostic trait of the cohort [19] . Cell types were typically distributed, with a clear prevalence of adenocarcinomas (47% of the whole series). The stage of disease at the study entry was advanced in 13 patients (stage IIIb, 27%) and very advanced in another 28 subjects (stage IV, 57%). Two patients entered the study for a recurrent disease after lobectomy or following an intervention of exploratory thoracotomy. Based on the results of the first re-staging evaluation, eleven subjects were considered downstaged to a condition of technical operability, were suspended on chemotherapy for at least 2 weeks and operated upon (23% of the cohort). Ten other patients were further treated with different regimens of 2 nd line chemotherapy, after the 1 st line treatment failed (table 1) . Table 2 summarises the duration and intensity of chemotherapy, and the reasons for stopping it. Thirty-eight patients (77%) received more than three chemotherapy courses, which we consider the smallest amount for a valid therapeutic test; the median number of paclitaxel and cisplatin infusions per patient was 14 (range 0-22). The dose intensity was lower than expected (75%) for both drugs, with significant dose reductions (table 2) . The main reason for stopping treatment was completion of the treatment plan (45%), followed by progression of disease (22%). We observed 3 complete responses (all three pathologically documented after pulmonary resection) and 17 partial responses, for an overall response rate of 54% (20 patients out of the 37 assessable for response) and 41% (on an intent to treatment basis). Most of the objective responses were already present at the 12 th week of treatment (19/20, 95%) . Table 3 provides a summary of the clinical characteristics of the three patients who benefited from a complete, pathologically documented, response.
Treatment delivery and objective response
Toxicity
Toxicity was measured at each week, during treatment, for a total of 785 observations (table 4). 
Discussion
The goal of this phase II study was to make a comprehensive evaluation of the activity and toxicity of a new weekly schedule of the cisplatin/paclitaxel combination for the front-line treatment of advanced NSCLC.
Platinum-based chemotherapy is the standard for the treatment of young, well-performing patients with metastatic NSCLC [6; 20] and most authors regard the doublet cisplatin (or carboplatin)/paclitaxel as a standard chemotherapy regimen [21] [22] [23] [24] . In chemo-naïve patients, singleagent-paclitaxel has been studied on different The most common toxicity was alopecia (51% in all), neuropathy (never severe), anemia, and leukopenia (never associated with life-threatening infections). In total, a grade 3 or 4 toxicity (except alopecia) was found in only 45 of the 785 observations (6%). There were no documented toxic deaths. Anemia was in general mild and notnecessarily treatment-related (table 4) . Other common, non-alarming toxicities were nausea/vomiting, diarrhea, stomatitis and hypersensitivity reactions, including dermatitis and flu-like symptoms.
Time to treatment failure and survival
As at December 2003, 23 patients have died. The median follow-up time was 32 weeks (range 6-108). Overall, the estimated median survival was 56 weeks (table 5). The estimated median time to progression schedules and doses, with response rates ranging 21-24% and median survivals ranging from 6 to 9 months [25] . Single-agent weekly paclitaxel, at doses ranging from 50 to 200 mg/m 2 /week, has been associated with response rates of 23-56% and acceptable toxicity [26] .
Weekly paclitaxel has been combined with carboplatin and vinorelbine in two-drug combinations and with cisplatin plus gemcitabine and cisplatin plus vinorelbine in three-drug regimens [26] . Between 2003 and 2004, the activity/toxicity of weekly paclitaxel combined with cisplatin has been reported in three consecutive studies [27] [28] [29] .
A regime of weekly low-dose paclitaxel/cisplatin was reported by Kim et al. [27] Paclitaxel (40 mg/m 2 ) and cisplatin (20 mg/m 2 ) were administered weekly, without interruption, in 22 chemonaïve patients with NSCLC. With a median of 16 weekly cycles of chemotherapy, the objective response rate was 40.9% (95% CI, 18.6-63.2%). Stable diseases and progressive diseases accounted for 40.9 and 18.2%, respectively. The median duration of response was 3 months (1-12 months). Myelosuppression was not noted and non-haematologic toxicities were mild. The authors concluded that weekly low dose chemotherapy with paclitaxel and cisplatin could be given safely to the patients with NSCLC [27] . This study had a treatment schedule identical to the our schedule, but the dose of paclitaxel was half of ours.
More recently, Yoshimura and co-workers conducted a phase I/II trial to determine the maximum-tolerated dose (MTD) and the recommended dose (RD) of paclitaxel administered weekly with a fixed dose of cisplatin, and to assess the toxicity and activity of this combination [29] . In this study, patients with stage IIIB/IV NSCLC were eligible. Paclitaxel, at a starting dose of 40 mg/m 2 /week on days 1, 8, and 15, was combined with a fixed dose of cisplatin 80 mg m 2 on day 1. Chemotherapy was given in a 4-week cycle. Thirty-eight patients were enrolled. Dose-limiting toxicities (DLT) were neutropenia, fatigue, and omission of treatment due to leucopenia, thrombocytopenia, or febrile neutropenia. The MTD and RD for paclitaxel were estimated to be 70 mg/m 2 . Of the 37 assessable patients, 23 had a partial response and one had a complete response. Overall response rate was 62.1% (95% CI: 46.5-77.7%). The progressionfree survival, the median survival time, and the 1-year survival rate were 5.5 months, 13.7 months, and 56.9%, respectively. This regimen was less comparable with our regimen, especially because of the timing and fractionation of cisplatin. However, it was similarly tolerable and even more active. The authors suggested that its efficacy should be confirmed in a phase III study [29] .
A few weeks later, a phase III study comparing weekly paclitaxel plus cisplatin vs. vinorelbine plus cisplatin in 140 chemo-naïve NSCLC patients was reported [28] . The treatment dose [28] was paclitaxel 66 mg/m 2 on days 1, 8, and 15, and cisplatin 60 mg/m 2 on day 15, or vinorelbine 23 mg/ m 2 on days 1, 8, and 15, and cisplatin 60 mg/m 2 on day 15, every 4 weeks. There were 26 partial responses and one complete response (overall 38.6%) in the paclitaxel arm, and 27 partial responses (overall 38.6%) in the vinorelbine arm. Myelosuppression was more common in the vinorelbine arm (p<0.001). Peripheral neuropathy and myalgia were more common in the paclitaxel arm (p<0.001). The median time to disease progression was 6 months in the paclitaxel arm and 8.4 months in the VC arm (p<0.05). The median survival time was 11.7 months in the paclitaxel arm and 15.4 months in the vinorelbine arm (p=NS). Also in this trial the cumulative doses of paclitaxel and cisplatin were significantly less than ours and the weekly scheduling of the combination was partial.
The current study used a complete weekly fractionation of the total amount of paclitaxel/cisplatin delivered, which, on average, was the highest so far. With this schedule, we have shown that the combination of cisplatin/paclitaxel is a highly effective therapeutic option, and is associated with low toxicity. Remarkably, it seems to increase long-term survival (46% alive at 2-years). Thirtyeight patients (78% of the study cohort) were able (and willing) to continue the assigned treatment for a duration of treatment that can be considered sufficiently long (4 weeks or more). 37 of the 49 registered patients could be reassessed at the first planned restaging time and were assessable for response. In this group, the weekly regimen was highly effective (54% of responses), even when compared to the best results reported so far (62%) [29] . As in any of the previous reports, toxicity was mild and manageable, with no major toxicity event. Importantly, the survival duration of the whole group of 49 patients was the most favorable reported so far.
In conclusion, we have shown that the weekly administration of paclitaxel and cisplatin is a valid therapeutic option for front-line treatment of inoperable NSCLC. It may be used in young, good performance status patients who have no significant co-morbidity, but the low toxicity profile suggests that it may represent a sufficiently safe therapeutic option also in unfit and/or elderly patients.
